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FOREWORD

Activitles and efficiency of Army personnel and the adequacy of Army
mteriel are often conditioned by the maximum ambient temperatures that
mey be encountered. In general, it ie not enough to know the absolute
maximum that has occurred through a series of years. Tt is more signif-
icant to know how frequently given critically high temperatures may be
expected. Since deily high temperature frequency tabulations are not as
a rule availsble, it is desirable to devise a method for predicting these
high temperature frequencies from aveilable temperature summeries. The
following study yresents a method whereby the frequency of specified bigh
teuperatures may he predicted with considerable confidence vhen the only
temperature items available are: (1) the absolute maximum t rature,
(2) the mean dsily maximum, (3) the mean daily minimum, and (&) the
length of record.

PEVERIL MEIGS, Ph.D.
Chief
REarth Sciences Division

Approved:

DALE H. SIELING, Fh.D.
Scientific Director
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ABSTPACT

& The mq&gncy and distribution of daily maximum temperatures for any
given "sumaer™ month (May-Sevtember in northern hemisphere) may be pre-
dicted with a considerable degree of confidence when only summrised datas
are available by use of a multiple nomograph. 7The nomograph and asso-
ciated table represent 45 converted mean daily maxixum temperstures,
hav:ag valuss from 35 tc 80, sach of which is associated with a uniqQue
numerical pattern of converted predictive temperature velues. The con-
verted mean daily maxirum temperaturs may be computed from the isllow.ng
four items usually fourd in climatic lmjg;

4(1) the absolut

mean dsi

S 1 fie Tength of reco —y

. -

Y Values on the nomograph bave been determined by a detailed study of the
frequency occurrence of daily maxisa through a 1C-year period for May,
July and Septwmber at twelve representative statioms. The method readily
lends itself to machine processing.

At the end of the report is an TR COyYy of both the nomograph and
the associsted table, for easy withdrawal and use in G: ng prediction
problens.




A METHOD FOR PREDICTING THE PROBABLE FREQUENCY OF OCCURRENCE
OF DAILY MAXIMIM TEMPERATURES FROM SUMMARIZED DATA

Introduction

A method is presented here for predicting daily saximm temperature:
and frequencies for any given swmmer month from four items of summmrized
deta, nomely:

the absolute maximumm (AbMx)* for the month
the mean duily maxlmaon (MDMx

the meon daily minimm (NDML

the length of the record.

Toe uniquoness of the @sthod Lz the wey in vhich four {iems in & sumery
record may be used to reveal the pattern of asymmetry of the frequency and
distribution of da.i]{ naximm tempsratures for any given warm-season month
\Fig.2 and Teble ,« The method does not require the use of mathemati-
cal models, but depends upon forty-five frequency patterns, determined
expirically, eack of vhich is 1dentified by the asyx *trical positiom of
the mean daily meximm (MMx) between the sbsclute nmezicm (AbMx), and the
mear dsily minimm (MDMi) vhen the temperatures sre ¢ll converted to a
100-unit scale,®*

PART 1 - COVERAGE AMD FROCESSING

1. Records used - area and time coversge

For purposes of this study, the daily maximm temperatures (Dix) for
three “summer"#¥ months (May, July =0d September, 19%6-1955) from twelve
represeniative weathor statiornz in the United States underscored in Figure
1 were usel -- 36 records in ail. Temperature dats from the underscored
stations vere frequency tabulated by the U.S. Ailr Weather Service, Data
Control Unit. The reccyds irom the other stations marked in Figure 1 wvore
used to test ths relisability of the mathod.

#Oee Abbreviaticns and Glossary, Appendix A.

#Conversion to the 100-unit scale is explained in connection with Table
I. Also see references L4 and 5.

##7n this report a "summer month” is considered one of the 5 or 6 warmer
months of the year. Also, all temperatures are in "mhrenheit.
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2. Compiling and tebulating the date

The tabulated data for the 35 months were assembled into tsbles sinm-
ilar to the one for May at Aberdeen, Maryland, Table I. It should be’
noted that the Essential Tempersture Dats in columms 1, 2, and 3, line ¢
(95°F, T4°F and 53°F) are the only temperatures needed to assess the prob-
sble temperature that will be equaled or exceeded through the indicated
number of years up to 100,

However, thc Frequency Data on the same 1lirx: (83 ¥, 85 F, ete., to
95 P) for 36 months st the cther stations (3 differemt months, 12 stations)
were needed to comstruct the nomographic device fsatured in this study.
An understanding of Teble I can greetly help in the discussion that follows.

3. Converting conventional date to the 100-unit scale

Conventional tempersiure values (Fahremheit or centigrade )* cannot
be used directiy on the nomograph. It is adapted only to the use of "con-
verted” values, that is, values that have been changed {rom conventional
measures (Fatrenheit or centigrade) to a 100-unit scale. The predicting
is doue in converted scale values, which are then converted back to con-
ventional (F. or C.) measures. For example, the Essentisl Data for
Aberdeen, Maryland, were sasembled as given in Table I, colwms 1, 2, 3,
line c. Essential Data are:

{1) 10-ycar Absolute Maximm {AbMx) 95°F
10-year Mean Daily Maximum ’MDM:; Thy
10~-year Mean Dailly Minimm {MDMi F

(2) Under Prequency Dats (line ¢, colums 5 ~ 10) are given the 10~

year frequency occurrernce of daily mexims (°F) for six different time inter-
vals, e.g.,

83°F dally mexims occurred an aversge of 5 days in every May (5/31
85" n ] " n n " 3 n » " o 3/31
89‘? " ] L] n L] L] 1 m L] ] ] 1{31
93‘? " " " " L] " 1 " [ 3 m 1/93
91‘.? 6 " " ] L] ] 1 ] L] 5 w' 1/155;
95‘? " " " n n " 1 " ] 10 w' 1/&0

-

#ote: Fahrenheit values are used exclusively in the problems in this
report.
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The Aberdeen record (im line c Table I) wae couverted to a 100-unit
scale as follows:

ﬁl) Reduce esch value in line ¢ by subtracting from it tho MDMi,
53°F {line d). Thus in line e -

the Reduced AbMx becomes 42°F
o " MDM« " 21°F
" L m " 0.?

2) 1In order to corvert to the 100-unit scale (line £), the reduced
Abix (L2°F) or temperatuse range between the MDML and AbMx, is changed to
100 and the MDML (col. 3) becomes zero (0).

Nov where do each of the other items (columms S through 10) in line
e fit into the 100-unit scale? Miltiply each by 100 and divide by 42.
'(’Conversiog formmla: mltiply by 100 and divide by the reduced AbMx.)
Thus each Fahremheit temperature in line e 1s proportional to its corre
sponding converted value (CFT) in the 100-unit scale in lime f.

It shculd be noted here that CMDMx 50 (Colwm 2) is the key to the
frequency distribution (converted scale) of daily meximm temperstures in
Mey at Aberdeen, Maryland. BHowever, it was found that from station to sta-
tion and month to month the asymmetrical (skewed) position of the CMDMx
ranges videly, in fact from 38 (Mipnespolis in My) #. 75 (Yume in September)
on the 10C-unit scale (Table IT, the two underscored C!oMx's).# In other
words, the position of the CMDMx's between O and 100 oi: the converted scale
is the msasure of the asyymetry and furnishes the pattern of the distribue
tion of daily maximum temperatures between the CAbMx (100) and the CMDML (0).

L., Some assumptions basic to the method

a. The frequency distribution of Daily Maximm temperatures for the
present and fubtire are reliably related to temperature distribution of the

past.

b. The asymmetrical position of the Mean Daily Maximm tespersture
between the Absolute Maximm snd Mean Daeily Minimrm furnishes nearly 50
patterns of ‘istribution, one of vhich may be found to be satisfactory for
any station for any of 5 wara months.

c. Tue Mean Duily Maxisom temperature for any station through 10 or
more yerrs is a near constant.

Wm:ghtion,themofmﬂkmmwmdtoﬁmd\w-
werd to 80, (See Mg 2 md Table IIT)




TABLE II: FAIRED CONVERTED TEMPERATURE VALUES USED FOR
THE CONSTRUCTION OF THE ONE DAY PER MONTH
PREDICTICN LIKE (10 DAYS IN 310)

CMMx  CFT CMMc CFT
Aberdeen, Ml. Eansas City, M.
May s5o%  86% May k3w
July 5T 8 July 3 %
Sept 51 85 Sept 5 83
Shreveport, la. Portland, Ore.
My 6 93 oy b &
July 61 91 July 48 8
Sept 58 83 Sept b7 88
Manchegter, N.H. Helens, Jont. )
May 18 TO My k9 86
July 60 87 July 6 93
Sept 53 )1 Bept 50 90
Minnespolis, Minn. Baker, Ore.
¥ay EQ" e . My 51 8
July 49 9 July 67 9k
Bept 45 69 Sept 58 91
Roswell, N, Max. Denver, Col.
May % 88 May 53 87
July T3 90 July 86 86
Bept 60 87 Sept 61 9l
Mt, Clemans, Mich. Yuma, Aris.
Hay B3 & May 6 8
July 9 85 July n 89
Sept L3 80 Sept DY 9%
# Aceording tc a 10-Mey record (310 , Table I), Aberdoen had a CMM&
temperature of 50 du 31 (1/31) a Comvertel Prequency Tesmperature
_ (CPT) of 86 or nbow t below 95 (base of sdjacent time interval, (1/93).
## Underlined rumbers 30 and T5 reprusent the lowest and highert CMDMx for the

36 records (3 months at each nf 12 stations).
Fote: The CFI''s becams CPT's vhen generalized in the Nomogrwph and Tadls IXI.
Kote: Tt must de pointed out here that 1z of these months bave 30 dys esch,
and 2k months have 3. days each. The Nomograph and Table IXT integrated
the 36 records and procved as if each month has 31 dxys. Of course
this does not coincide with the facte. However, the error is assumed to
be negligible.
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d. T.e Mean Daliy Minimum tomperature for any station through 10 or
more years is a near constant.

e. The Daily Maximum temperatures (DMx) through 10 or more yoars
{e.5., 310 May days rearranged in pumerical sequence) is an increasing
variable, but with a decelerated trend corresponding tc the tremd of a
series of daily maxima arranged in ar ascending pumerical seguence.

2. This trend may be discovered by plotting the ascending daceler-
ated series on a skew-log prcbability scale, using date from 10-yesr
records.

g. The Mean Daily Minimum is a near stable anchor from which to
measure the oscillating extreme maxima.

h. Usually, summary temperature recerds provide the essential data
for computing tne CMDMx and for predicting daily meximm temperature fre-
quencies through any required span of years.

i. Tests for the spread of CMDMx from the letitude of Singapors,
Malsya, to TanAna, Alaska, gave resulte well within the 36 to 80 of CMIMx
on the Nomograph.

PART JT - NOMOGRAXH, BASIC SECTION
5. Constructing the Pasic Section

As stated before, conventional tempersture values (Fahranheit or
centigrade) cannot be used directly on the nomogregh (Fig. 2) but must be
converted to a 100-unit scale. (See Table I.) The July and September
daily maximum temperature records at Aberdeen, Maryland, were processed
in the same way as those for May (shown in Table I). Corresponding records
(1946-1955) for the same months at eleven other stations in the United
States (Fig. 1 underscored) were processed in the same memner - 36 records
in alli. The CMDMx's ranged from 38 to TS5, each associated with a family
of converted freguency temperatures (CFT). (For example, CMiMx 50 in Table
I, line £ is associated with the converted values in the same line.) These
CFT's are couverted values of DMx's which actually occurred within the
given frequencies (line ¢, Table I).

The sloping l/ 31 line of the nomograph wea plotied as follows: The
CMOMx 50 (Teble I, 1line £) and the CFT 86 (Table I, line £, column T) are
the paired converted ¢ rature values for Aberdeen, Maryland, for 1 day
in cach May (year), or 1/31. (These paired values are shown at the begin-
ning of Table II.) There is a corresponding peir (CMDMx and CFT values)
for each of the other 35 records, ranging frow a lov CMDMx of 38 (May st
Minneapolis) to a high CMDMx of TS (Scptuber at Y\-). Rach of these 3
pairs (Teble II) is plotted (stars) on the Nomograph Basic Section (Figure
2). The (curved) lin: on the namgr7ph for the frequency 10 days in 310
or an average of 1 dsy ir 1 month, 1/31, is the visual "vest f£it” through

T




and among the 36 plotted stars. The shape and poeition of this curved

iipe 18 influenced somewhat by that of the nire associated eurved predic-
tive linez in the Basic Secion, all of which are similarly derived and
mtually sdjusted. The generalized predictive curves are for fregquencies
ranglng from 25 days in a given month (25/31) to 1 day in 310 days (1/310,
straight line) of the same month (i.e., 1 day in 310 May days, or 10 years) --
10 predictive lines in all in the Basic Section.

6. Predicting maximu temperature frequencies by use of the Fomograph,
Basic Section

Let us now go back to Tgble I and find out how near the predicted
maxima for May at Aberdeen, Maryland, come to actual occurrences., There
are three stepa in finding the predicted mexims from 10-yesr records {Basic
or Extrapolated Section of the nomograph): 1) Find the CMDMx, 2) Find the
CPT* for the required frequency, 3) Using the Reconversion Formule, recon-
vert the values to degrees Fahrenheit.

The CMDMx for May at Aberdesn is CMDMx 50 (see Tsble I).

CPT values are found as follows: If on the nomograph we follow the
Lorizontal line correspondirg to CMDMx 50 to its intersection with predic-
tive line 5/31 (5 deys in 1 Mgy, or i yeer) and then follow this point of
intersection to the top - the CPT scale - we get the CPT value of T2.
Corresponding converted predictive temperatures for from 5 daye in 1 vear
to 1 day in 10 years are found by the same method to be:

5/3, T2; 3/31, 19; 1/31, 8T; 1/93, 93; 1/155, %6, and 1/310, 100.

The formula for reconversion for meximm ]-day temperature (°F) asso-
ciated with given frequencies is:

Predicted Dix (°F): I LA*’;%O“ ML) |, Formila
(Reconversicn)

(substituting:) 7 -3 '
Probable DMx, 5/31: T“—‘W + 53F = B3F* :

Probable DM 3/31: + 53 = 86F

2 (95 - 53)
100
Probable DMx 1/31: §L(9{-65—5ﬁl +53 = 90F

¥ote that the CFT values were taken from the actual maximm temperature
frequencies at 12 stations, whereas the CFI's are generalized velues
taeken from the nomograph.

¥ee footinote ¢ to Tatle I.




MULTIPLE NOMOGRAPH FOR PREDI

MAXIMUM TEMPI
TO PREDICT FROM 10-YEA

Basic Section From 25 Days In a Given Month U

Constructed From Actual Freguency Distribution Of Daily Mexima Al
in Representative Areas In The U.S.A.
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Explanation of General Symbois:
& Stars in the Basic Section represent paired converied temperature values(Ch

-~ o

A Triangles in the Extrapolated Section represent TPV values exiranoiared frot
and used to construct the 1/620 prediction curved line.

® Dots in the "Duratinn’ 3ection for line "xy', identifying the CMDMx 60 (on
values tc use in place of 12 different patterns of longer or shorter records(!

Examples A and B are discussed in Appendix C.
Examples Aberdeen and Portland are discussed in the text, Sections 6 and
J Figure :
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nverted temperaiure velues(CMDMx and associated CFT values, Table 1) for the 1/31 curved prediction line.

R-: CPT values exirapoiated trom the CPT trends in the 45 CMDMx predictive patterns in the Basic Section,
rved line.

identifying the CMDMx 60 (un the 10-year vertical accentuated line) represent predictive pattern of CPT
s of longer or shorter records(1/93 to 1/3100). See text, Section 12,

C. ' ’-~—
Bed in the text, Sections 5 and 14, respectively. ,
Figure 2 } '
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Probable DMx 1/93: 23 (% -252), 53 = %@F

100

Probable DMx 1/155: 2&122(;_222 + 53 = 93F
10
Probable Dix 1/310; 20 (90 = 53) | 53 . yop

100

It may be seen that the vaiues predicted from the nomograph (line 9,
Tatle I) for May at Aberdeen do not depsrt from the recorded (line ¢ Table
I) at any predictive level by more than 1F®. However, it should be expected
that the CMDMx 50 pattern would always do as8 well on other surmary 10-year
(7 years to 14 years) records,

7. Constructing Table IIY Basic Section from Basic Section of the Komo-
graph (Fig,2) and 1ts use

Each of the 10 predictive lines 25/31, 20/31, 15/31, etc., in the nowo-
graph, Fig 2, Basic Section,crosses 45 horizontal CMDMx lines (36 to 80)
meking in all 450 fixed converted predictive temperature (CPT) values. (For
exsmple, note the six CPT values associated with CMDMx 50 in the preceding
problem.) These 450 constant values {CPT's) are entered in Table ITX.

They ere the underlined, or principal, nuwbers in each cell. They are

CPT's for predicting from 10-year records. (The oit:.» mmbers in the cells
are CMDMx identification factors, to be used if the r-ccrd is longer or
shorter than 10 years, and will be explained later.)

This table may be used instead of the Nomogrsph rfor predicting the
probsble daily maxima. For example: The CPT values associated with CMDMx
50 in the problem discussed above (T2, 79, 87, ete.) are to be found on
‘the table. Follow the numbers (underscored) on the horizontal CMDMx 50
line to the required time intervel in the columm heading at the top. Once
you have the required CFT value, the procedure is the same; that is, you
substitute the CPT values in the Reconversion Formula. See Appendix D,
Example A, for the use of the table in predictions.

PART III - NUMDGRAPH, EXTRAPOLATED SECTIO:N

Often it is desirabl. to know the daily maximm temperature probsbil-
ities for periode of time longer than 10 years. Thus, it became necessary
to construct the Extrapoluted Section of the Nomograph.

8. Theory and Use of a Skew-Log Probability Scale

It mey be noted (Basic Section, Table ITI) that the converted predic-
tive temperature values increase as the length of the record increases.

11




For example, for CMDMx 60 the converted values for 1, 3, 5 and 10 years
are respectively, 90, 9%, 97 and 100.%* Wher these four values are plotted
op a skew-log adjustable probability scale## (Fig.3) and the straight line
connecting them 1z prolonged to 1 day in 3100 (1/3100 or 0.032%) (100 Mays
or 100 years) the dscile-interval converted predictive temperature values
(CPT) become:

103 for 20 Mays (1/620) 107 for 50 Maya %1/1550;
105 for 30 Meys (1/930) IC8 for €0 Meys (1/1860
106 for 40 Mays (1/12k0} 110 for 100 Mays (1/3100)

9. Construction of Nomograph, Extrapolated Section

The process described in the preceding paragraphs of extrapoliating
the values of a 10-year record (specifically the associated CPT's of
CMDMx 60) into s period longer or shorter than 10 years was repeated for
each of the other Ll CMDMx pattarms (36 to 80). The 44 triangles on the
Extrapolated Section of the Nomograph furnished the "visual" pattern for
the predictive line, 1 day in 20 Meys or years (620 May days, 1/620). The
other predictive curved lines in the Extrspolatec Section (]./930, 1/12!&0,
1/1550, etc.,co 1/3100) were constructed in a simiiar manner (see curved
1ines on Nomograph, Extrapolated Section). As in the Basic Section, the
shape end position of the curved predictive lines in ' ..~ Extrapolated Sec-
tion were influenced somewhat by the chape and position of the associated
predictive lines, all of vhich were simileriy derived end mutually adjusted
Thus vas constructed from 3 monthly records at 12 stations a nomograph
based on 10 years of tabulated monthly maximum temperature frequencies from
which it is now possible from abbreviated records to predict the frequency
of expected maximum temperatures for any summer month for 1, 3, 5, and 10
years, and also (Extrapolated Section) for decile yearly increments from
20 up to 100 years. e

10. Ypipg the Nogograph: Predicting from a 10-Year Record, the Frobable
Maximum Temperatures for s Given Month from 1 to 100 Years

By use of the Nomograph (Fig 2, Basic Section) maximm tempersture
predictions for Aberdeen were maae for periods of 10 years or less (see

¥See underscored values on CMDMX 60 line, Table III.

##Tte skew-log probability scale is a Gumbel Rxtrems probability scale
superimposed on two-cycle logaritimic peper. Because of its fl.xfbility,
a curved line of distribution may be converted to & near straight line.
Set reference &.

M e nomoyraph and Table III may be used also to predict the maximm
temperatures to be expected for as many ss 25 days per month (25/3%).
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section & above). HNov by use of the Extrapolsted Section of the Nomograph,
predictions up to 100 years may e made from the 10-year record.

For exsmple, let us consider the above-mentiored Aberdeen-May pattern:

We have CMMx 56 (Tsble I).

To £And the OPT waluse: We Zellow OMPMx ©2 on the Nomograph from Lhe
Basic Section, beycnd the 100 CFT limit and into the Extrapolated Section.

CMIMx 50 intersects the 20-year predictive curve (1 day in 620 May days)
at a point which would indicate (according o the scale at the top of the

‘graph) a CPT of 105. This and other CPT vaiues of CMDMx 50 pattern, simi-

lerly found, aze as follows:

20 yre, 10 30 yrs, 10 4O yrs, 1 50 yrs, 111 60 yrs, 112
.rrs,:% &ws:i %ws:ﬁ 100 yrs, 5 ’

These values are reconverted to Fahrenheit by using the Reconversion
Formils (Section 6 above). In this Formula, the maximm l-day temperature
agsociated with the required frequency ie:

CPI (AbMx - MDML)
166

Substituting, for 1/620 B -9% . 53. o1

Substituting, for 1/930 }2'[.1%005_-2& + 53 = 98P

+ MDY

Thus the maximm texmperature frequency probabilities for Aberdeen in
My &re:

1 Mey day in 20 years 1/620&@:3 TR
30

1 1/930 May days): 96F
1" " " k" (1/1240 May days): 99F
1" " "5 " 1/1550 May days): 100F
1 f " on BO " / m dﬂyl 101F
i " " "100 " (1/3100 May days): 10iF

The 10-year sumsary record (AbMx, MMx, MMi) for any station for any
sumeer month may be used for predictive purposes after the CNDMx pattern
has been computed as in the Aberdeen example. For another illustretion of

ths predictive techniques, see Appendix C, Example A.

#See footnote to Tauble I, line c.
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11, Comstruction sud Use of Table TII, Extrapolated Section

There are sbout 400 constant values at the intersections of the hori-
zontal CMDMx lines (36 to €0) and the nine sloping prediction lines in the
Extrapclated Secticn of the nomograph. These CPT values are entered in
Table III, Extrapolated Section, underscored mmbers. Table III may be
used instead of the Nomograph for predicting probable maximm temperaturea
and frequencies for eny given sumuer month for pericéds of 15 to 100 yeers.
The steps are the ssme as for predicting from the Basic Section (see Sec-
tioe T above), or for predicting from the nomograph: 1) Find the CMDMx
2) Find on the table for Nomogrsph) the CPT for the required frequency 3)
Use the Reconversion Formula tc convert to °F. A complete example of this
type problem is given in Appendix D, Example A.

PART IV - CONSTRUCTION OF THE NOMOGRAPH, "DURATIOR" SECTION

12. Derivation of Data for Constructing "Duration" Section of the Nomograph

It must be remexbered that the CPT values (underscored numbers) of
both the Basic and Extrapolated Sections of Table III are keyed exclusively
to 10-year records and, therefore, Table III may be used for prediction of
Deily Maximun Temperatures and Frequencies vhen the essentisl data (AbMx,
MDMx and MDML) are for approximately 10 years (8 to 14).

wWhen the summarized data for processing come from records longer or
shortér then 10 years, the "Duration" Section of the sowograph must be used
to identify the 10-year equivalent pattern to substitute for the CMIMx for
the longer or shorter pariod o® reccid.

Every line in the "Duraticn" Section of the nomograph (vertical, hori-
zontal and sloping) is keyed to the accentuated 10-year vertical line. The
essential data for drawing the sloping lines in the "Duration” Section are
the numbers (pot underscored) in Tale ITI. These values are computed as
follows: It may be seen that daily maximm temperatures vhen arreanged in
e pumerical sequence, become progressively higher with increased length
of record, but at a decelerated rate. This is illustrated, for exasple,
in Table TII, where the CPFT values (underscored mmbers) associated with
CMiMx 60 run as follows: T3, 80, 85, 90, 9%, 97, 100, etc., to 110, respec-
tively. i'sch of these values is keyed to the 100-unit £:ale with the
CNIMx 60 a1d the 10-year basic record. However, this vhole 10-ysar sequence
of CPI's aseociated with CMDMx 60 mey be converted into an equivalent 100-
scale sequence corresponding proportionally to, for example, a TO-year
record.

In this case, the CPT 109 (extrapclated TO-year prediction, based on
10-year rezords) becomes CPT 100 for an equivalemt TO-year (record) CPT
scale and the 10-year {record) CMDMx 60 becomes the TO-year (record)
CMDMx 55.
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[T60 times % = 55.046 or 55 (rounded)
See "55", (pot vuderlimed) CMDMx 60, TO-year columm, Teble III)]

In other words, the TO-year (record) CMDMx 55 becomes identified with
the 10-year record CMDMx 60 pettern of converted prediction values. Other
identification values in the same line associated with CMIMx 60 are (all
not underlined numbers ir Teble ILI}:*

for 3 years: 63.8 or Guss for 50 yeare: 56.1 or 56
[ 1] 5 " 61.9 62 " & " 55.6 " 56
"ol " €0.0 60 "7 " 55.0 " 585
" 20 " 58.3 58 " 90 " 5“'5 " 55
"3 " 57.1 57 " 100 " 5k.5 " 55
"4 " 56.6 57

There are 16 identification values for each CMDMx (36 to 80) - more than
T00 such entries in Tsble III.

When the above-mentioned CMDMx GO identification values are entered
on the nomographic grid in the "Duration" Section of the Nomograph, they
determine the smooth identification curve "x y". Similar curves were con-
structed for each of the other CMMx's (36 to 80) from the associated values
in Teble III, i.e, the numbers not underlined. The CMDMx identification
values for the numbers ypt underiined in Tebie III arc =sch associated with
a courterpart in the "Duration” Section of the Nomograph. and some one of
these more than TOO CMDMx's is assumed to represent the vattern of summery
temperature record (AbMx, MDHL and MDMx) of 3 years to 100 years for amy
summer month.

Since the "x y" line, ("Duration" section) representing the CMDMx for
any length record from 3 years to 100 years, crosses the 10-year line (ver-
tical, accentuated) at 60, it follows that the CPT values on CMDMx 60 may
be used for predictive purposes for records running from CMIMx 55 to CMINk
6l for any summer month from 3 years to 100 yeers.

For another example, it is evident that a 90-year record with a CMIMx
Ll would use the 10-year (record) CMIMx SO pattern oX converted temperatures
(CPT) for predictive purposes. (In the "Duration” Section of the nomograph,
at the point vhere horizontal line CMDMx Ll crosses the 90-ysar vertical
1line, follow the nearest sloping iine to where it crosses the 10-year ver-
tical 1line: CMDMx: 50.) Each of the sloping lines in the "Duration” Sec-
tion is designed to serve purposes similar to the marked "x y" line.

%Ihe identification values for the numbers pot underiined were computed in
the same mamner as the present CMDMx 55, Table III.
#+Rounded.
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To recapituiate: In order to make Table II1 more useful, the numer-
ical CMMx velue at each intersection (eloping and horizontal lines) in
the "Duration” secticn of the Nomograph 1s entered with its 10-year (rec-
oré) associated CPT value (computed as shewn earlier) in the 10-year pre-
diction Teble IIT (numbers not underlined). There are more than T00 suck
entries in Tsble IIX. Thua, the CMiMx 4l menticred in the sbove parsgraph
may be found in the 90-year column (number, not underlined) associated with
the 10-year-record CMDMx 50 and 1O-year-record CFP 11k (the underlined
number in the same celi). That is to say, the 90-year-record CPT is at
least 1.1k times the 10-year-record CPT. Let us solve a specific problem.

13. Us Table III, inciuding identification numbers CMDMc's (not under-
scored) for indicated lengths of record

Sclution of problemz invoiving record of more than 10 years cen be
dones more easily by use of Table III than by the nomograph.¥*

iylven: In May at Portland, Oregon, during a TO-year record:
AbMx: 99F MDMx: 68F MDY :

Required: What Mey dey meximum temperature shovld be expected 1 day
in -

20 yrs (1/620)7 50 yrs (1/1550)? 100 yrs (1/3100)? 5 yrs (1/155)%

Solution:

a. Find the 80=year {record) CMDix

100 (MDMx - MDM1)
AbMx - MIM4

(Substitutiag: ) LO_O._(%_:_%). = 39.2

-

b. Find the 10- record) equivalent to CMIMx 39 in 80-yr
column (Table

Method: Folluw down the 80-year column of numbers not
underlined to number 39, that is, the CMDMx for
80-year record. This is found on the CMIMx 45 line.
Therefore CMIMx 45 10-yr pattern will be used for
prediction. (Increasing the length of the record
increasad the AbMx but at a decelerated rate, thus
chapging the CMDMx pattern, !n one instance, 45
in the other.

Formula: CMDMx =

#For another illustration, see Appendix D, Exusple B: Xanscs City
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c. Find the required CPT's, using the CMDMx 45 pattern

Method: Follow CMIMx 45 from left margin to each reguired
time interval, as indicated in column hesding at
top. These CPT's are:

For 20 years, 106; For 50 years, 113; 100 years, 119; 5 years, 95
d. Find the 10-year (record) predicted Absclute Maximum

rme: 100 (80 yr AbMx - 80 yr MOML)
i B0 yr CPT on CMDMx 55 ? b

(Note: Value in denominator atove is in the 80-yr
column, CMDMx 45 line of table. That is, the 80-yr
AbMx is CPT 117 on the 10-yr table.)

Substituting: R’d%_—__@ + LBF = SF

e. Reconvert CPT's in (c) to °F (using 92F as Abix)

Formula (Iix associated vith given frequencies:)

CPT (10-yr AbMx - 80-yr MDMi .
55 ,_). + MIPsL

{Subertituting CPT's from c sbove:)

Predicted 20-yr M 106 (R -18) | 45 _ oep
100
Predicted 50-yr Mx 1_1_3_{(%_-_14_8)_ + 48 = o8F

Predicted 100-yr Mx .1;19_%_-_13). + 18 = 1008
Predicted 5-yr Mx L(R-8) ., 18 . gor

When the constant values listed in Table III are entered on punch
cards and directions according to the preceding formilas are givenm to a
computing machire, processing of the data for the frequencies of expected
dally maximum temperstures can be done quickly and accurstely.
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14, Using the "Luration” Section of the Nomograph for prediction

This example shows how to use the noxograph constructed from 1C-year
daily records to rredict daily maximum prodbabilities from summery recoxds
of more than 10 years - in fact, from 3 years to 100. The problem is the
same as the one for Portland using Tebie III, Sectionm 13.

Given: In May at Portiand, Oregon, during a 78-year record:
AbMx: O9F MiNx: 68F MM LUBF

Raquired: Whet May dey maximum temperature should be expected 1 day

;3 ;m {1/620)7 50 yrs (1/1550)7 60 yrs (1/2480)7
100 yrs (1/3100)7 5 yrs (1/155)2

Solution:

a. Find the 80-year CHDMx (for 78-year record).
This 1s 39.2 (see Section 13 above, part & of solution).

b. Find the 10-year equivalent CMDMx pattern.

Method: On the "Duration" section of nomograph, follow dowm
the 80-year vertical line to CMDMx 39. Then follow
the nearest sloping line lei: and upwerd to vertical
line 10 yaars (accentuated). This is on horizontal
1ine CMDMx L6.#

c. Find the required CPT velues in the CMIMt 46 pattern.
(See "Portland Example")

Msthod: Follow CMDMx 46 left to predicting sloping lines,
1/620, 1/1550, 1/2480, 1/3100, 1/155 (see arrows
and circles). Thence, go upvard to corresponding
CPT values 106, 112, 116, 116, and 95, respectively.

d. Find the 10-year (1/310) cxpected May Maximm

Formila: 199 éﬂo-g AbMx - BO-F MOML) 4 woest
-yr CPT on

Substituting: 2100 1§ = 48F) 4 u8r = g

#The Table value is CMIMx L45. The slight differemce here is negligidbls and
is to be expected. If the values in the Table and on the Nomograph were
expressed with fractional exactness, the predictions would agree even more
closely. In order to make serious differences in predictions the CMDMx's
would need to differ by several units.
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e. Reconverting CPI's in (c) using G2F as AbMk

Formula: Requ ired Predictions:
CPP (10-yr. AbMx - 80 yr. MDMi) . ows
100

Substituting:

Prediction for 20-yr Mx .'_L%_%%;&S_}_ + U8 = 95F

Prediction for 50-yr Mx _3-12_.%.:_’@. + 48 = 9TF

16 (92-48

Prediction for 80-yr Mx 160

+ 4B = 9P

Prediction for 100-yr Mx l—l%%-l@l + L8 = 100F

Prediction for 5-yr Mx 21{(%182 + 48 = 9OF

PART V - TESTING THE RELIARILITY OF 1HE M®™S0D

15. Internmal consistency

Tabulated actual temperature frequencies for a 10-ycar (10 May) record
at Aberdeen are given in Table I, Frequency Data, line c. In line g are
listed the corresponding temperstures and frequencies as predicted by use
of the nomograph from the Essential Data in line c. This may be termed the
internal consistency of the method. Predicted temperatures at each of the
six frequency levels are within 1F* of the recorded. This test could bde
repeated for the 3 months (May, July and September) for each of the twelve
stations.

16. ‘Yest the met fferent

Tests similar to that for Aberdsen (May, July and Sepiesber) were made
for the moath of August for four widely separated stations ( o4, 1.Y,,
Fairfield, Ohio, Fort Bragg, N.C., and Brownsville, Tex., Fig 1). The
results are showvn in Teble IV. It may bDe seen that the recorded temperw-
ture frequancies for August did not differ from the predicted at any of the
seven frequency levels by more than 2F° 28 comparisons in all).
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17. Testing the methol by use of extended records

Sumreriged records for longer then 10 years duration were found for
five of the component stations shown in Figure 1. These were tebulsted
for May. July end September. Aseoclated with the susmarixzed dsta for eech
are th: predictions at various time intervals from 1 to 100 years (Table V).

The first line for each month gives sumsmrized dats and seven tabu-
iated freguency values of reccrded dally maximmn temperstures for 10 yeers
only. The remainder of line 1, of course, is blank. Yhe 16 frequency tem-
peratures ir esch of the second, third and fourth lines for sach month are
all meximg predicted from the independert siurmarigzed data in the ssme lines.

The starred temperature in each line is the recorded maximm for the
time (decade) intervals, in years, shown in the first pumeral column (40,
61, 15, 6T, 56, etc.). The first line for each month gives recorded maxi-
mun temperature frequencies, based on s 10-year record, The second, thiid
and fourth lines of frequencies are pred.ctiras for the corresponding months,
mede from the summerized records. Sece formulas in Appendix D.

The problem of sampling is critical. In gemeral, the lomger the com-
timwus record, the higher the Absolute Maximm temperature (AbMx) will be.
(Peker, Oregon in July with 101, 102, 103 and Kanses City iz Septesder with
107, 108 and 109). Bowever, if the given records are not comtimmous, or
the longer records do not include the shorter ones, them the ccapaxwtive
predictions may appear erratic (Baker, Oregonm in Mxy). I the case of
Beker in July, the predictions from different lemgti. recor:is (10-, 40-, and
6l-years) do not differ at any decile level by more than 27 to 3I¥*, even
though neither the 40~ cr Gl-year recrrds inciluded the 10~yvoar daily mexi-
mm record. Therefore, the predicted maxime from a short record msy run
higher than in the predictions from a longer record, e.g., Shreveport, la., |
in July. |

In general, the 10-year maximm texperature predictions from the lon-
ger records were somevhat lower then the recorded 1l0-year maximm.

The sonclusion, evidently, is that the cssential summarized data J

should come from relstively long records if the predicted temg srature fre-
quencies are to have satisfuctory reliability. ’
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Summary and coments

a. The 45 patterns of meximum temperature distribution cover ade-
quateiy the renge escential for satisfactory prediction for summer months.

b. Four items of essentiai date sare generally available for wide
areal coverage.

¢. The method is satisfactory for manusl computation and prediction,
and also lends itself readily to machine processing.

d. Visual impressions of areal distribution of maximm temperatures
mey be secured by mapping processed data.

e. Variables that recur only at long time intervals may not be encom-
passed vithin the 10-year cov~rage. Therefore, predictions from long
records are preferable.

f. The validity of the method could probably be improved by integrat-
ing into the study more stations, more months, and longer records.
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APPRIDIX A

ABEREVIATIONS AND GLOSSARY OF TAMFERATURE TIRNS

AbMx = Absolute Mayimm Tempersture:

The hishest temperature over recorded lx a given month at &
given station.

Didx = Dally Maximum:

The highest temperuture occurring day by day in a given
monch.

DMi = Daily Minimun Temperature:

The lowest temperstures occurring day by day in a given month
MIMx = Mean Deily Naximm Tempernture:

The average of the IMx's during the pericd of record.
MOVA = Mean Dmily Mipimum Tempersture:

The average of the DMi's during the periad of record.

RT = Reduced Temperature:

Values derived by subtracting the KiMi from the items of
essential and frequency data as in Table I.

CPT = Converted Predictive Temperatures:

RT items to be converted to a 1G0-unit scale as in Table I.
CIT = Converted Frequency Temperatures:

Frequency Temperatures changed to 100-unit scale.
CAbMx = Convertad Absolute Maxiwum:

Reduced AbMx changed to 100 on the 100-unit scale as in
Table [.
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13.

CMDMx = Converted Mean Deily Maximum:

Average of the reduced daily mexima converted to the 100-
unit scale as in Table I.

CMIML = Converted Mean Deily Miaimum:

Aversge of the reduced daily miniua comverted to zero on the

-~ e — PO, P
100=-unil &scale ad ib Tavac I.

Chix = Converted Daily Maximm Temperatures:

Reduced temperature values g'l‘alble I, line e) converted to
the 100-unit scale (Table I, iine £

FIT = Fahrenheit Predictive Temperatures:

CPT values re-converted tc Fahrenheit (plus the MDMi) (See
7 and 3 above)
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APPENDIX B

RESUME AND SEQUEKRCE IN THE COXSTRUCTION OF THE MULTIPLE NOMOGRAFH

AND THE BQUIVALENT TABLE (TABLE III)

Selecting ]2 representative weather statior: in the United States
with requisite dally tempersture records far three summer months
(Mey, July, September), through 10-year periods.

Tebulating daily maximum temperature frequencies similer to those in
Table I (36 in all). This hed teen done in part by U.S. Air Weather
Service, Data Contrcl Unit.

Asgembling tabulations into frequency summeries (CMDMx and CFT, paired)
corresponding to those cn Teble II.

Plotting frequency data (CFT) from (2) and (3) ebove, thus deriving
Basic Section of the Nomograph.

Constructing Table III, Basic Section, from the Nomograph.
Extrapolation of CPT values in Teble III, Basic Section, by use of
Skew~Log Probability Scele, thus deriving CP?! vulues in the Extra-

golated Section of Teble IIT {underlined figures) and Extrapolated
ection of the Nomogreph.

Computing and entering Identification CMDMx vaiues {(numbers not under-
lined) in Teble III.

((:ox)lstmcting Nomograph "Duration” Section from CMDMx items derived in
T) above,

Validation of method.
Solution of problems by use of Nomograph, Appendix C.

Solution of problems by use of Tebls III, Appendix D.




APPENDIX C

FIGURE 2 ~ THREE-SECTION NOMOGRAPH FOR FREDICTIPG THE LEVEL
AND FREQUENCY OF HIGH TEMFERATURES OF SUMMER

SECITONS OF THE HIGH TEMPERATURE NOMOGRAYH:

The Besic Section was construzted from tabulated comverted daily
meximum temperatures secured for Mey, July and September for 1C yesrs from
12 widely djstributed weather stations in the United States (Fig. 1). For
construction see Part II. The Extrapclated Section was derived by extira-
polation from the Basic Section. For construction see Part ITY. The
"Duration” Section is used to find the 10-year petiern in the Basic or
Extrapolated Section to be used when the basic abbreviated record is ionger
than 10 years. For its construction see Part IV.

EXPLANATION OF NOMOGRAPH:

The horizontal lines 236 to 80, left margin) represent CMiMx tempzzsa-
turea; the vertical lines (10 to 128), represent (PT temperatures; the
curved sloping lines (Basic and Extrapolated Sectisne) represent predic-
tiocn velues for indicated intervais of time from 25 days in 1 month (25/31
days) to 1 day in 100 mcnths, €.g., 100 Mays {100 yre ~r 1/3i00 daye); slop-
ing lines in the "Duration” Section are designed +o £ind the 10-year squiva-
lent for any length of abbreviated record up to 100 years.

USING THE MOMOGRAPH: Exsmple A - 1G-Year Record. "Duration”™ Section mot
involved.

Given: In May at Shreveport, during a 10-year period:
AoMx, 93F MIMx, 83F MDMi, 62F

Bequired: What May maximum may be equaled or exceeded -
3 days in a year, i.e., g days in 1 Msy, 3/31%
1 dsy in 3 years (3 Mays) 1/937 In 30 yeers, 1/930%
In 70 yeers, 1/21701

Solution:
a. Find OMIMx ‘

100 (MIMx - MIMi
Formula: OMIMx = "

100 {83 - 62
{Substit™ ‘ng:) "——913%1 2 67.7 or 68 (rounded)
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CMPMx 68 is the pattern for predicting DMx temperature
for May at Shreveport.

b. Find required CPT's (converted predictive temperatures
for required time intervals)

Methed: Follow CMDMx 68 from the left margin of the nomo-
graph (Stgn O ) to prediction lines and thence
upward & respective CPT's (as Nomograph, line 68,

Example A
37%2, Cpt 88 1/93, CPT 95
1/930, CFT IOk 1/2170, CPT 107

¢. Reconvert to °F
Formula: DMr associated with given frequencies:

CPT (Abdx - MIML . wrage
100

(Substituting CPT's from b above:)

Probable 1-day meximum temperature -
/;
3/31 (3 May days 1n 1 year) S2{93-22) + 62 - oor

1/93 (1 May day iz 3 yeere) %—“ﬂ + 62 = 917

1/930 (1 May day ir 30 yeers) ;9_{_(_?&-_6_21 + 62 = 94F
107 (93 - 62)
1/2170 (1 May day in 70 years) 19 <00 8) + g - 95P

Therefore the expected May maximm temperature at Shreveport
will be 89F or more 3 days in a year; 91F in 3 years; 94¥F in
30 years; 95F in T0 years.

USING THE NCMOGRAPE: Example 3 - T0-Year Record. "Duration” Section
needed for solutiom.

Given: In September® in Shreveport, during a 7l-year record:
T Awx, 105F MIMx, 89F MDML, 6TF

Required: What September daily maximum temperature mey be expected:

¥3ee note associated with Table II.
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days in 1 year, 1i.e., 5 days in 1 Sept, 5/301

day in S years {5 Septembers) 1/150%

dsy in 10 years (10 Septembers) 1/300?

day in 40 years, 1/1200? (to egree with other 30-day figs.)

el e

Solutiocn:

a. Find the TO-Year CMIMx

. . 100 (MIMx - MimMi)
For la (as Example A) CMIMx Ak - MR

(Substituting:) %ﬁ_-ﬁéﬂ = 57.9 or 58 (rounded)

b. Find the 10-yeer (record) equivalent CMINx

Method: Pollow arrovs and signs (§) on vertical lire TG
(70 years) in "Duration” Section of Nomograph
downward to (MIMx 58 thence left and upward on
nearest sloping line to 10-yr vertical line
(accentuated). This intersection is on CMIMx 63.
Use the CPT values of CMIMx 63 for predicting
on the 10-year namograph.

¢. Find sssociated CPY values

Method: On CMIMx 63, in the Basic and Ext-apolated
Sections, find the place where it crosses the
required curved prediction lines,* follow thie
up to the CPT value at top of graph. These
CPT's are:

5/31, 82 1/155, 91 1/310, 100
1/12ko, 106; 1/2170, 108; 1/2790, 109

d. Fnd AtMx for 10 years (i.e., equeled or exceeded in 10
Septembers)

Method: In the Extrapolated Section follow CMDMx 63 to
the TO-yr predictive line, thence upward to CPT
108. The TO-yr AtMx (105F) is CPT 108 on the

10-yr nomograph

100 (70 AbMx - TO yr MIMi) MIMS
Formula: 10-yr Mx = ( yrm yr CPT, CMMx 63 *

100 (105 - 67) + 6T = 102F
10

¥See footnote Section 1i. See "Exemple B”, far left on the Nomograph
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. B

- e.

Reconvert to °F as in Example A

Formula (DMx assoclated with given trequencies):

CPTJleT AbMx - TO-yr MINI) + MIMY
100

Substituting CPT's from c above:

Fredicted IMx 5/31

Predicted IMx, 1/155

Predicted IMx 1/310

Predicted IMx 1/12k0

Predicted IMx 1/217C

Predicted TMx 1/2790

35

82 (102 - 67) + 67 = S6F

100

97 (202 - 67) 4 67 =
T + 67 = 101F

100 (102 - 67) , 67 = 102F

100

106 $102 - 67! + 67 = 104F
100

108 (102 - 67) | 67 = 105F

109 {102 - 67) + £7 = 106F

100
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xr.fanation of General Symbols:

& Stars in the Basic Section represent paired converied temperature vuluo;(CM

& Triangles in the Extrapolated Section reprasent CPT values extrapclated fron
and used to construct the 1/620Q prediction curved line.

® Dots in the "Duration’ Section for line ''xy”, identifying the CMDMx 60 {on
values to use in place of 12 different patterns of longer or shorter records(l,

Examples A and B are discussed in Appendix C.
Examples Aberdeen and Portland are discussed in the texi, Sections 6 and
Figure 2
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verted temperature values(CMDMx and associated CFT values, Table 1) for the 1/31 curved prediction lina.

CPT values extrapolated from the CPT trends in the 45 CMDMx predictive patterns in the Basic Section,
ved line.

Hentifying the CMDMx 60 (on the 10-year vertical accentuated line) represent predictive patiern of CPT
of longer or shorter records(1/93 to 1/3100). See text, Section 12.

C. JE—
d in the text, Sections 6 and 14, respectively. ! ,
Figure 2 ‘
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APPENDIX D

. TABLE III - PATTERNS OF COEVERTED MEAN DAILY MAXIMIM TEMPERATURES (CMIMx)
WITH ASSOCIATED CONVERTED PRZDICTION TEMPERATURE VALURS CPF KEYED TO
A 100-UNIT SCALE AND A 10-YRAR RECORD, AND USED TC CAILCULATE THE

PROBARLE LEVEL AND FREQUEPECY OF DAILY MAXIMEM TEMPERATURES -
Explanetion and Use:

1. This is a table of constant values taken from the Multiple Mamo-
graph (Fig. 2). It is presumed to cover {approximately) the various
patterns of daily maximum iemperature distridbutions through the 5 or 6
summe: months. The table is constructed tc resemble somawhat the nowmo-
graph from vhich the data ¢ re taken.

2, There are 45 Converted Mean Dally Maxime (CMDMz 36 to 8C, left
colum) and associated with each in the rectengular cells on the szeme line

are {numbers underlined) converted predictive temperatures (CPT) which
probebly will be equaled or exceeded in the time span specified at the top
of the colums. For example, CPT values 35 in colum 25/31 is associated
vith CMDMx 50 pattern. The other CPT'a (underlined numbers) in this
pattern are: 20/31, Lk; 15/31, 52; 10/31, 63; 5/31, T2; etc., to 1/310.
100 and 1/3100, 115 (19 CPT underlined values associsted with each '
CMDMx {36 to 82, left margin).

3. Fotice that the table ce-ters cn the accentuated double columm
(1/310) 1 day in 10 years, 310 days, because the nacograph vas comstructed
from 36, 10-ysar (monthly) records. For this reason, the 10-year Daily Max-
imum is always L0C-umits on the converted acale. Note that o O 1s
always reduced to zero (0) in this study.

L. Using Table ITI for Predictions. Example A - 10-Year Record.®
Only underlined mmbars on the table are involved).

Given: In May at Aberdeen, Maryland, during a 10-year period:
AbtMx, 95F MIMx, TLF MM, 53F

Required: What May maximum temperature may be equaled or
excecded in 5 years? 30 years? 60 years? 90 years?

Solution:

a. Find OMIMx

o 100 (aMx - MIM1)

Formula: OMIMx ZoNx - MDD

Whis example was also discussed in secticn 6, using Nomograph
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Subetituting:) L00LT4-53) .

(Subetituting:) 58 - 53 50

CMIMx 50 is the May pattern for predicting IdMx tempera-
tuires at Aberdeen

b. Find required CPT's (converted predictive temperatures
for required time intervals)

Nethod: Follow CMIMx 50 from left margin to each
required time interval - indicated in columm
heading at top of nomogreph. These CP¥'s are:

For 5 yrs, %6 30 yrs, 10
60 yrs, 112 % yrs, E_;E

Reconvert to °7

Q
.

Formula: (IMx associated with given frequency)

maAmx-m1+m

100

{Substituting CPT's from b above:)

Predicted 5-yr Max (1/155) 2035 53) + 53 - o3r

Predicted 30-yr Max (1/930) 197 lc‘f_;i). + 53 = 98F

Predicted 60-yr Max (1/1860) 2 2= 23) + 53 = 100F

Predicted 90-yr Max (1/2790) 2232 - 53) + 53 = 1017

Therefore the expected May maximm temperature at Aberdeen
in 5 years will egual or exceed 937. In 30 yrs, 98F. 1In
60 yrs, 100F and in 90 yrs 101F.

Using Table III. Example B - 67-Year Record.
{Fuzbere not underlined on the table are involved).

Given: In July at Kansas City, Missourl, during a 67-year record:
N AbMx: 112F MIMx, 92F MIML, TP

ho




Required: What July maximm temperature may be equaled or ex-

cecded 1 day in: 10 years?! 3 years? 40 years?
6C years? G0 ysars?

Solution:

a.

4.

@

Find the 70-year record CHIMx

la: QUM = 100 (MO - ps
Fo Todx - WO

(Substituting:) %2:—7-}11 = 51.2 or 51 (rounded)

Find the 10-yr (record) wquivalent to OOMx 5L in TO-yr
columr

Method: Follow down th: TO-year coluen to the number
51 (zot underlired). This is found on the CMDMx
56 iine. Yherefore, the CMiMx 56 pattern of CPT
values will be used for ction.

Fird the requived CPT's (converted predictive tempera-
tures for required time intervals) using CMINx 56 pattern.

Method: As in Example A abm Thes: (FT's are:
Yor 10 yrs, 100 ¥or 3 yrs, %4 Por kO yrs, 107
For 60 yrs, 110 mgom, Lu

Find the 10-yr gncord! predicted Absolute Maxiwuwm

Forwula: _mxﬁ__mzsa_hmu
0 yr CPY, Ok

#(_his value is in the TO-yr column, CMINX56
line of iable. That in, the TO-yr AbMx is
CPT 110 on the 10-yr table)

(Substituting:) 100 ﬁﬁ - + TL = 108

Reconvert to °F (using 108°F as AbMx)

Formula: DMx associated with given frequencies:

CPT (10-yr AbMx = TO-yr MIMi) . pre
156
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(substituting CPT's from

¢ above:) ob (108 = T1) + 71 = 1067
- Predicted 3-yr maximm 100 n )

Predicted LO-yr meximm X 0800' L)+ n = 1mr

Predicted 60-yr maximm L0 1‘13800' 1)+ e 1127

Predicted 90=yr maximm 111 (108 - 71) + 71 = 112F
100
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